Restriction/Classification " 

tr;o -€©NIHB€NflAL RM*'sL55A10a 



RESEARCH MEMORANDUM 

for the 

Bureau of Aeronautics, Depairtment of the Nav;^’' 

BITERIM REPORT ON FREE-SPnTWING-TUNl'iEL INt'ESTT CATION OF A 
1/25-3CAIE MODEL OF THE McDONNELL F3H-1N AIRPLANE 

TED NO. NACA AD 3 IOO 

By Henry A. Lee and L. Faye Wilkes 

Langley Aeronautical Laboratory 
Langley Field, Va. 


CLASSIFIKP DOCUMENT 

This material contains information affectlnaw NatlJh^l Defense of the United States within the meaning 
of the espionage laws, Title 18, U.S.C., Se^ 793 and 79^^ transmission or revelation of which in any 
manner to an unauthori 2 ed person is probated by law. x. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 



, CONFIDENTIAL 




NACA RM SL55A10a 


C e ilFIDEM - TIA t r - 


• • 

• • 

»••• 

»••• 

»••• 

)••• 

• • 
>• • 

• ••• 

• • 
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RESEARCH MEMORANDUM 
for the 

Biireau of Aeronautics, Department of the Navy 

INTERIM REPORT ON FREE -SPINNING-TUNNEL INVESTIGATION OF A 
1/25-SCALE MODEL OF THE McDONNELL F5H-1N AIRPLANE 


TED NO. NACA AD 5100 
By Henry A. Lee and L. Faye Wilkes 


SUMMARY 


An investigation was conducted in the Langley 20-foot free -spinning 
tunnel on a l/25-scale model of the McDonnell F5H-1N airplane. The effects 
of control settings and movements upon the erect and inverted spin and 
recovery characteristics of the model were determined for the clean condi- 
tion. Spin-recovery parachute tests were also performed. 

The results indicated that erect spins obtained on the airplane for 
the take-off or combat loadings should be satisfactorily terminated if 
full rudder reversal is accompanied by moving the ailerons to full with 
the spin (stick full right in a right spin). The spins obtained should 
be oscillatory in pitch, roll, and yaw. Recoveries from inverted spins 
should be satisfactory by full reversal of the rudder. A 16.7-foot- 
diameter tail parachute with a towline length of 50 feet and a drag coef- 
ficient of 0.75^ should be adequate for emergency recovery from demonstra- 
tion spins. 


INTRODUCTION 


Tests were performed in the Langley 20-foot free-spinning tunnel to 
determine the spin and recovery characteristics of a l/25-scale model of 
the McDonnell F3H-1N airplane as requested by the Bureau of Aeronautics, 
Department of the Navy. The F3H-1N differs from the model of the 
XF3H-1 airplane previously investigated in the spin tunnel and reported 
in reference 1 primarily in that the F5H-1N has an all -movable horizontal 
tail instead of elevators and the ailerons have been moved from the out- 
board spanwise position to an inboard position. 
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The present paper is an interim report and presents only the erect 
and inverted spin and recovery characteristics of the F5H-UI model for 
the clean condition and the results of the parachute -recovery tests. 


SYMBOLS 


h 

S 



z/c 


m 


Ix, \ 


mb^ 


^Y-"Z 

mb^ 


~ % 
mb^ 


P 

d 


a 


wing span, ft 

wing area, sq ft 

mean aerodynamic chord, ft 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean aero- 
dynamic chord 

ratio of distance between center of gravity and fuse- 
lage reference line to mean aerodynamic chord 
(positive when center of gravity is below line) 

mass of airplane, sliigs 

moments of inertia about X, Y, and Z body axes, 
respectively, slug-ft^ 


inertia yawing-moment parameter 


inertia rolling-moment parameter 


inertia pitching -moment parameter 

air density, slug/cu ft 
relative density of airplane, 

pSb 

angle between fuselage reference line and vertical 
(approximately equal to absolute value of angle of 
attack at plane of symmetry), deg 
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0 angle between span axis and horizontal, deg 

V full-scale true rate of descent, ft/sec 

Q, full-scale angular velocity about spin axis, rps 


MODEL AND TEST CONDITIONS 


The l/25-scale model of the McDonnel F 5 H- 1 N airplane was furnished 
by the Bureau of Aeronautics, Department of the Navy, and was prepared 
for testing by the Langley Aeronautical Laboratory of the National 
Advisory Committee for Aeronautics. A three -view drawing of the model as 
tested is shown in figure 1 . A photograph of the model is shown in fig- 
ure 2 . The dimensional characteristics of the airplane are presented in 
table I. Longitudinal control was provided by means of an all-movable 
tail. 


The model was ballasted to obtain dynamic similarity to the airplane 
at an altitude of 20,000 feet (p = O.OOI267 slvig/cu ft). The mass char- 
acteristics and inertia parameters for loadings possible on the airplane 
and for the loading tested on the model are indicated in table II. 

A remote -control mechanism was installed in the model to actuate 
the controls for the recovery attempts and to open the parachute for the 
parachute tests. Sufficient hinge moments were exerted on the controls 
for the recovery attempts to reverse the controls fully and rapidly. 

The maximum control deflections used in the tests were; 

Rudder, deg 50 right, 30 left 

Stabilizer incidence, deg . .7.5 leading edge up, I7 leading edge down 
Ailerons, deg 40 up, 20 down 

An appendix is included which presents a general description of the 
model testing technique, the precision with which model test results and 
mass characteristics are determined, variations of model mass character- 
istics occurring during tests, and a general comparison between model 
and airplane resiilts. 


RESULTS AND DISCUSSION 


The results of the spin tests of the model in the take-off loading 
(loading 1 in table II) are presented in charts 1 and 2 and in table III. 
In the charts and in table III, the horizontal tail is referred to as an 
elevator for convenience (elevator up, for instance, indicates that the 
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>• trailing edge of the horizontal tail is up). Because of the similarity 

»•* of the take-off and combat -loading (loading 2 in table II) conditions, 

*•, the results presented herein are considered applicable to both. The model 

• data are presented in terms of the fiill-scale values for the airplane at 

' • a test altitude of 20,000 feet. Inasmuch as the results to the right and 

•• left were generally similar, the data are arbitrarily presented in terms 

of right spins. 


Erect Spins 

The results of erect -spin tests of the model are shown in chart 1. 
Because of the wandering or oscillatory nature of the model motion or 
because of the high rate of descent, the model could be maintained in 
the tunnel only for short periods. Selected frames from motion-pictiire 
films of the motion of the model after being launched into the tunnel 
with the rudder set to maintain the spin and also of the model recoveries 
are shown in figures ^ to J . 

The resiilts of the model tests indicate that, when the rudder is 
deflected full with the spin, generally a wandering spin oscillatory in 
pitch, roll, and yaw may persist on the airpleine or the oscillations 
may become so extreme that the airplane may oscillate out of the spin 
without control movement. For aileron full -with settings, however, the 
airplane should not spin for stick positions full back sund longitudinally 
neutral. Results of model tests indicate that, because of the oscilla- 
tory nature of the spins, recovery may not always be satisfactorily 
terminated by full rudder reversal (based on the results obtained for 
the criterion spin as explained in the appendix), but that satisfactory 
recoveries should be consistently obtained by full rudder reversal accom- 
panied by aileron movement to full with the spin. It is recommended that 
this latter recovery technique be employed to insure, satisfactory recov- 
eries on the aiirplane. In order to reduce the possibility of recovering 
in an aileron roll when the ailerons are moved to full with the spin for 
recovery, model results indicate that the stick shoixld be kept at or near 
full back until the spin rotation ceases, at which time it should be moved 
forward to regain normal flight. If the stick is moved forward prema- 
turely and an aileron roll results or if an aileron roll should be 
obtained with stick full back, this motion should be quickly terminated 
by neutralization of the ailerons. 


Inverted Spins 

The results of the inverted-spin tests of the model are presented in 
chart 2. The order used for presenting the data for inverted spins is 
different from that used for erect spins. For inverted spins, "controls 
crossed" (right rudder pedal forward and stick to the pilot's left when 
the airplane is spinning to the pilot's right) for the developed spin is 
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shown on the right of the chart and "stick back" is shown at the bottom. 
When the controls are crossed in the developed spin, the ailerons aid the 
rolling motion; when controls are together, the ailerons oppose the 
rolling motion. The angle of wing tilt on the chart is given as up or 
down relative to the ground. 

With the stick laterally neutral, model results indicate that very 
steep spins should be obtained on the airplane and that, with controls 
crossed for the inverted spin, the airplane should not spin. Controls 
together should be the control settings most conducive to inverted spins, 
and the spins obtained for these control settings shoiild be oscillatory 
in pitch, roll, and yaw. Model results indicate that mere neutralization 
of the rudder will not be sufficient for satisfactory recoveries from 
inverted spins on the airplane; to insure satisfactory recoveries it is 
recommended that the rudder be fully reversed. 


Spin-Recovery Parachutes 

The results of tests performed with spin-recovery parachutes attached 
on the bottom of the fuselage 2 feet (full-scale) ahead of the most rear- 
ward point are presented in table III. Model test results indicate that 
emergency spin recoveries from erect spins should be satisfactorily 
obtained on the airplane by opening a l6. 7 -foot -diameter (full-scale, laid- 
out-flat) pairachute with a JO-foot towline and a drag coefficient of 
0*73^ (based on the laid-out-flat diameter). 


Landing Condition 

Current military specifications require airplanes to be spin demon- 
strated in the landing condition from only a 1-turn (or Incipient) spin, 
and inasmuch as spin-timnel test data are obtained for fiHly developed 
spins, the landing condition was not investigated on the model. Recovery 
characteristics in the landing condition may be of significant importance, 
however, because stall tests of an airplane, generally made at altitude 
in the landing condition early during the flight test program, may result 
in an Inadvertent spin. An analysis of the results of tests with many 
models to determine the effect of landing gear and flaps (ref. 2) indi- 
cates that, although recoveries from fully developed spins may be unsat- 
isfactory, the F5H-1N airplane should recover satisfactorily from an 
incipient spin in the landing condition. Therefore, if a spin is inad- 
vertently entered in the landing condition at any time, the flaps and 
landing gear should be retracted and recovery should be attempted 
immediately. 
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CONCLUSIONS 


Based on the results of spin tests of a l/20-scale model of the 
McDonnell F5H-IN airplane, the following conclusions regsirding the spin 
and recovery characteristics of the airplane in the combat and take-off 
loadings of a spin test altitude of 20,000 feet are made: 

1. The erect spins obtained on the airplane will be wandering and 
oscillatory in pitch, roll, and yaw. The oscillations may become so 
violent that the airplane will oscillate out of the spin without move- 
ment of the controls. Satisfactory recoveries will be obtained by full 
rudder reversal accompanied by simultaneoiis movement of the ailerons to 
full with the spin (stick full right in a right spin). 

2. Satisfactory recoveries from inverted spins will be obtained by 
full rudder reversal. 

5. A 16 . 7 -foot -diameter tall parachute with a towline '^ 0.0 feet 
long and a drag coefficient of 0.75^ shoilLd be satisfactory for emer- 
gency recoveries from demonstration spins. 

4. If a spin is inadvertently entered in the landing condition at 
any time, the flaps and landing gear should be retracted and recovery 
should be attempted immediately. 


Langley Aeronautical. Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., December ^ 1 , 195^* 



Henry A. Lee 
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APPENDIX 

TEST METHODS AND PRECISION 
Model Testing Technique 


The operation of the Langley 20-foot free-spinning tunnel is gener- 
ally similar to that described in reference 5 for the Langley 15-foot 
free-spinning tunnel except that the model-la\mching technique is dif- 
ferent. With the controls set in the desired position, a model is 
launched by hand with rotation into the vertically rising air stream. 

After a number of turns in the established spin, a recovery attempt is 
made by moving one or more controls by means of a remote -control mech- 
anism. After recovery, the model dives into a safety net. The tests are 
photographed with a motion -picture camera. The spin data obtained from 
these tests are then converted to corresponding full-scale values by 
methods described in reference 5* 

Spin-tunnel tests are usually performed to determine the spin and 
recovery characteristics of a model for the normal spinning-control con- 
figuration (elevator full up, lateral controls neutral, and rudder full 
with the spin) and for various other lateral control and elevator combi- 
nations including neutral and maximum settings of the surfaces. Recovery 
is generally attempted by rapid full reversal of the rudder, by rapid 
fiill reversal of both rudder and elevator, or by rapid full reversal of 
the rudder with ailerons moved simultaneo^ly to fiill with the spin. The 
particxilar control manipulation required for recovery is generally depend- 
ent on the mass and dimensional characteristics of the model (refs. ^4- 
and 5)' Tests axe also perfoimed to evaluate the possible adverse effects 
on recovery of small deviations from the normal control configuration for 
spinning. For these tests, the elevator is set at either full up or two- 
thirds of its full-up deflection and the lateral controls^ are set at one- 
third of full deflection in the direction conducive to slower recoveries, 
which may be either sigainst the spin (stick left in a right spin) or with 
the spin, depending primarily on the mass characteristics of the particu- 
lar model. Recovery is attempted by rapidly reversing the rudder from 
full with the spin to only two-thirds against the spin, by simiiltaneous 
rudder reversal to two-thirds against the spin, and movement of the ele- 
vator to either neutral or two-thirds down, or by simultaneous rudder 
reversal to two-thirds against the spin and lateral stick movement to 
two-thirds of its full deflection in the favorable direction (with the 
spin for the present model). This control configuration and manipulation 
is referred to as the "criterion spin, " with the particular control 
settings and manipulation used being dependent on the mass and dimensional 
characteristics of the model. 
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Turns for recovery are measured from the time the controls are moved 
to the time the spin rotation ceases. Recovery characteristics of a model 
are generally considered satisfactory if recovery attempted from the 
criterion spin in einy of the manners previously described is accomplished 

within 2^ turns. This value has been selected on the basis of f\ill-scale- 

4 

airplane spin-recovery data that are available for comparison with corre- 
sponding model test results. 

For spins in which a model has a rate of descent in excess of that 
which can readily be obtained in the tunnel, the rate of descent is 
recorded as greater than the velocity at the time the model hit the 
safety net; for example, >300 feet per second, full sceile. In such 
tests, the recoveries are attempted before the model reaches its final 
steeper attitude and while it is still descending in the tunnel. Such 
results are considered conservative; that is, recoveries are generally 
not as fast as when the model is in the final steeper attitude. For 
recovery attempts in which a model strikes the safety net while it was 
still in a spin, the recovery is recorded as greater than the number of 
turns from the time the controls were moved to the time the model struck 
the net, as >3. A >3-turn recovery, however, does not necessarily indi- 
cate an improvement over a >7 -turn recovery. When a model recovers 
without control movement (rudder held with the spin), the results are 
recorded as "no spin. " 

For spin-recovery parachute tests, the minimum-size tail parachute 

required to effect recovery within 2^ turns is determined. The parachute 

4 

is opened for the recovery atten^jts by actuating the remote -control 
mechanism and the rudder is held with the spin so that recovery is due 
to the parachute action alone. The folded spin-recovery parachute is 
placed on the model in such a position that it does not seriously influ- 
ence the established spin. A rubber band holds the packed parachute to 
the model and when released allows the parachute to be blown free of the 
model. On full-scale parachute Installations it is desirable to moiint 
the parachute pack within the airplane structure, if possible, and it is 
recommended that a mechanism be employed for positive ejection of the 
parachute . 


Precision 

Results determined in free -spinning tunnel tests are believed to be 
true values given by models within the following limits; 
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a, deg 

0, deg 

V, percent 

ii, percent 

Turns for recovery obtained from motion-picture records 
Turns for recovery obtained visually 


±1 

±1 

*5 

±2 

+1 

+1 

"2 


The preceding limits may be exceeded for certain spins in which it 
is difficult to control the model in the tunnel because of the high rate 
of descent or because of the wandering or oscillatory nature of the spin. 

The accuracy of measuring the weight and mass distribution of models 
is believed to be within the following limits: 


Weight, percent tl 

Center-of -gravity location, percent c tl 

Moments of inertia, percent ±5 


Controls are set with an accuracy of +1°. 


Variations in Model Mass Characteristics 

Because it is impracticable to ballast models exactly and because 
of inadvertent damage to models during tests, the measured weight and 
mass distribution of the F5H-1N model varied from the true scaled-down 
values within the following limits: 


Weight, percent 0 to 1 high 

Center -of -gravity location, percent c 0 to 2 rearward 

Moments of inertia: 

I^, percent 4 high to 0 

ly, percent 3 high to 6 high 

I^, percent 3 high to 7 high 


Comparison Between Model and Airplane Results 

Congjarison between model and full-scale results in reference 6 indi- 
cated that model tests accurately predicted full-scale recovery character 
istics approximately 90 percent of the time and that for the remaining 
10 percent of the time, the model results were of value in predicting 
some of the details of the f\ill-scale spins, such as motions in the devel 
oped spin and proper recovery techniques . The airplanes generally spun 
at an angle of attack closer to 45° than did the corresponding models. 
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The compaxison presented in reference 6 also indicated that generally 
the airplanes spun with the inner wing tilted more downward and with a 
greater altitude loss per revolution than did the corresponding models, 
the higher rate of descent of airplane or model, however, being generally 
associated with the smaller angle of attack. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE 
MCDONNELL F5H-1N AIRPLANE 

Overall length, ft 58*81 

Wing: 

Span, ft 55*55 

Area, sq ft 442.0 

Root chord, in. 197*0 

Tip chord, in IO5.O 

Incidence, deg 2.0 

Taper ratio O.523 

Aspect ratio 2.82 

Sweepback at l/4 chord, deg 45*0 

Dihedral, deg 0 

Mean aerodynamic chord, in 155*0 

Leading edge c aft leading-edge root chord, in IO5.5O 

Trailing-edge flaps: 

Total area, sq ft 29*55 

Span, percent of b/2 25*43 

Aileron : 

Total area, aft of hinge line, sq ft 32.81 

Span, percent of b/2 3^*00 

Horizontal tail surface (all moveable): 

Total area, sq ft 82.49 

Span, ft 15*75 

Sweepback at l/4 chord, deg 45*0 

Distance from take-off loading center of gravity to 
intersection of the horizontal -tail hinge line 

and fuselage center line, ft 25.58 

Vertical tail surfaces: 

Total area, sq ft 48.20 

Rudder area, aft of hinge line, sq ft 11. 30 

Sweepback at l/4 chord, deg 45. 0 

Distance from take-off loading center of gravity to 
intersection of rudder hinge line and the theoreti- 
cal tip of the vertical tail, ft 29*51 

Tail -damping power factor 0 
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TABLE II.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE 

McDonnell f3H-in airplane and for the loading tested on the i/a^-scALE model 

[Model values converted to corresponding full-scale values; mcments of inertia are given about the center of gravity] 


No. 

Condition 

Weight, 

lb 

Center -of -gravity 
location 

Relative density 

Moments of inertia, 
slug-ft^ 

Mass parameters 

x/c 

z/c 

Sea 

level^ 

20,000 

ft 

Ix 



Ix - ly 
mb^ 

ly - I2 

mb^ 

Iz - Ix 

mb^ 

Airplane values 

1 

Take-off 
(gear up) 

29,054 

0.299 

0.120 

24.32 

45.64 

18,544 

81,595 

95,261 

-557 X 10“^ 

-105 X 10 “^ 

662 X 10 -^ 

2 

Combat 
(gear up) 

25,442 

0.310 

0.115 

21.29 

59.96 

16,146 

78,555 

88,198 

-628 

-99 

727 

3 

Landing 
(gear down) 

21,518 

0.295 

0.110 

18.00 

53.79 

17,018 

75,669 

85,656 

-700 

-119 

819 

Model values 

1 

Take-off 
(geeir up) 

29,009 

0.299 

0.064 

24.27 

45.55 

19,035 

85,655 

95,728 

-575 

-107 

682 
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TABLE III.- SPIN -RECOVERY TAEL-PARACHUTE DATA OBTAINED 
WITH THE 1/25-SCALE MODEL OF THE McDONNEL F 3 H- 1 N AIRPLANE 

[Take-off loading (loading point 1 in table II); ailerons set to neutral 
and elevator set at 17° up; recovery attempted by opening the para- 
chute with the rudder maintained f\ill with the spin; model values con- 
verted to corresponding full-scale values; drag coefficient of para- 
chutes 0.75^; right erect spins] 


Parachute 

diameter, 

ft 

Towline 

length, 

ft 

Ailerons 

Tirrns for recovery 

15.5 

30 

Neutral 

i, 1, a, >il, >4 

14.6 

30 

Neutral 

p > 2 |- 

15.6 

30 

Neutral 

1 li li li >4 
4 ' 2" 2" 

16.7 

30 

Neutral 

— — 1 1 li. li. 2 

4 " 4 ^ 2' 2" 
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CHART !.• ERECT SPIN AND RECOVERY CHARACTERISTICS OP THE MODEL 


[Loading point 1 on table II; landing gear retpaeted; recovery attempted by 
aileron movement to full with the spin, except as indicated; right erect 


rudder reversal and 
spins'] 




LagfiBd 

Description of model motion with rudder 
set to Bieintein spin. 


Turns for recovery. Recovery attempted 
by simultaneous siovement of ailerons 
to full with the spin and rudder re- 
versal to full against the spin unless 
otherwise noted. 
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CHART 2.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

[Tako-off loading (point 1 on table II); recovery attempted by rapid full rudder reversal 
^ except as Indicated (recovery attempted from, and steady-spin data presented for, 
rudder -full-wlth spins); model rotation to the pilot's righ^ 



a 



20U 

20D 

296 

555 

0.29 

^ 


m 

U 

o 

■p 

> 
« 
f— < 

u 

e ’ 

(stick 



>}85 




2’ 

2 

B7E 

b,h 

1 

2 ' 

>2 


^Oscillatory apin, range or average values 
given. 

Recovery attempted by moving rudder from 
full with to neutral. 

^Recovery attempted by reversing rudder from 
full with to 10® against. 

^Visual estimate. 


Model values 
converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 


k 






NO SPIN 


a 

(deg) 

(deg) 

V 

(fps) 

Si 

(rps) 

Turns for 
recovery 


®Steep spin. 

^Two conditions possible* 

SModel goes into a steep dive. 

Recovery attempted before model in final steep attitude. 
^Recovery attempted by reversing rudder from full with to £ 
against the spin. 5 

JModel goes into erect spin in opposite direction upon 
recovery. 

^Model goes into a roll. 
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Figure 1.- Three-view drawing of the l/25-scale model of the McDonnell 
F5H-1N airplane as tested In the Langley 20-foot free-spinning tunnel. 
Dimensions are model values. Center-of-gravity position shown for the 
take-off loading. 
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Figure 2.- The l/25-scale model of the McDonnell FJH-IN airplane in the 

clean condition. 
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L-87556 

Figure 5»- Spinning motion of model with ailerons full against the spin, 
elevator full up, and rudder maintained full with the spin. 6k frames 
per second. 
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Figure 3*- Continued. 
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Figure 5 «- Continued. 
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Figure 5 *- Concluded. 
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Figure 4.- A "no-spin" condition of model (showing cessation of initial 
spin motion without control movement) with ailerons full against the 
spin, elevator full up, and rudder maintained full with the spin. 

64 frames per second. 

CONFIDENIIAL 


NACA RM SL55A10a 


CONFIDENTIAL 




■p <u 


% 





Figure 4.- Continued. 
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Figure 4.- Concluded. 
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Figure 5*- Recovery attempt by simultaneous full rudder reversal and 
movement of ailerons to full with the spin from the ailerons-full- 
against, elevator-full-up control setting. 64 freimes per second. 
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Figure 5*- Concluded. 
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Figure 6.- Spinning motion of model with ailerons 
up, and rudder maintained full with the spin. 



L-875i].6 

neutral^ elevator full 
64 frames per second. 
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Figure 6.- Continued. 
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Figiire 7»- A "no-spin" condition of model (showing cessation of initial 
spin motion without control movement) with ailerons full with the spin, 
elevator full up, and rudder maintained full with the spin. 64 frames 
per second. 


CONFIDENTIAL 



igta fTFIDEK T lM r 


NACA RM SL55A10a 




c5 

CO 

CJ ^ 
•H Tj 
00 <D 
0 > 


CO G 

0 o 

Ui o 
aJ'— 
0 

^ ■§ 

g ° 

•H H 
-P r-i 

Q ^ 

S P4 

^ 0 
G Til 

•H *H 

§ «) 

•H 

<8* 




Figure 7 »- Concluded. 
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